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ABSTRACT OF THE DISCLOSURE

In radiant heat flux sensors, greater thermal isolation
from irrelevant and undesirable heat sources may be ac-
quired by providing a heat conductive shield including an
annular heat radiating fin between the flux sensing ele-
ment and the sensor mount housing. By equating the
MC,/A4 ratio of the heat shield with that of the sensor
element and providing appropriate surface areas of both
the sensing element and the radiating fin with substantially
identical

absorptivity

emissivity
ratios, the radiative heat transfer between the two parts
may be substantially reduced.

The invention described herein was made in the per-
formance of work under a NASA contract and is subject
to the provision of Section 305 of the National Aeronau-
tics and Space Act of 1958, Public Law 85—568 (72 Stat.
435); 42 US.C. 2457.

Background of the invention

This invention relates to means for the measurement of
radiant heat energy. More specifically, the invention per-
tains to radiant heat flux sensing means and improvements
thereon.

Among the several methods of quantitatively measuring
radiant heat is the transient concept which relies on the
measured time rate of change in temperature of a disc of
material having known physical and thermal properties.
By observing the change in temperature of a disc of ma-
terial of known mass, physical dimensions, and thermal
properties exposed to a radiant heat energy source over a
measured time interval, it is possible to determine the
intensity of the heat energy source. Such a determination
is accomplished by calculating the heat flux emission from
said energy source with the relation

MC, d temp

€= A dtime

where:

Q=heat flux, B.t.u./ft.2 sec.

M=mass of disc material, 1b.

A=area of disc, ft.2

C,=specific heat of disc material, B.tu./lb.-° F.

The value Q represents the quantity of heat in B.tu.’s
falling on a unit area of the sensor per second. Determina-
tion of source intensity from the heat flux value Q is de-
pendent on particular case relationships. In the simple
example of a point heat source emitting radiant energy
spherically, one would merely determine the surface area
of a sphere having a radius equal to the distance of the
heat flux sensor from the energy source, the product of
such an area and the calculated heat flux value Q yielding
the total heat energy emission rate in B.t.u./sec.

The foregoing example gives no consideration to heat
falling on the sensor from radiant sources other than the
point heat source. Such factors as extraneous heat sources,
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emission geometry and angle of incidence are unique to
each and every heat sensor application and account there-
for must necessarily be taken to gain an accurate thermal
emissive rate for any particular heat source in a system.

Prior art heat flux sensors are simply comprised of a
cup or concave dish-shaped housing member to which
is attached a disc-shaped detecting element made of a heat
conductive material such as copper, aluminum, Inconel,
nickel, gold, stainless steel, etc. The detecting element is
usually attached to the housing member by means of
small diameter pins brazed to the back of said detecting
disc and extending radially from the periphery thereof.
The outer ends of the mounting pins are cemented to the
rim of the housing member. Also brazed to the back of
the detecting element is a thermocouple junction with the
leads therefrom extending through an aperture in the
housing member to a remote, E.M.F. measuring appa-
ratus.

Heat flux sensors such as described above have been
found to give generally satisfactory performance in many
applications. However, in applications where a high de-
gree of sensitivity is required, such as a determination of
the quantity of radiant heat falling on a spacecraft from
celestial sources, the performance of such prior art sen-
sors is less than satisfactory. Accurate flux measurements
in such cases are obscured and vitiated by temperature
differentials between the sensor detecting element and
surrounding structure forming the housing member which
induce undesirable energy transfers relative to the detect-
ing element. In a spacecraft, such temperature differentials
may arise from different heating rates of the surrounding
structure as compared to the detecting element even
though both are given identical exposure to the subject
energy source. This is due to the fact that the spacecraft
structure does not have the same proportion of radiant
area in relation to the mass thereof to dissipate the radiant
energy absorbed thereby as does the sensing element, even
though the two may be fabricated of the same material
and have the same ratio of specific heat, C,. Hence, the
heat storage capacity of the surrounding structure may be
greater than that of the sensing disc in relation to their
respective radiation dissipant capacities. Additionally, if
the surface treatment of the structure surrounding the
sensing element differs from that of the sensing element,
one may absorb more than the other of the available
radiant energy impinging equally on both. Furthermore,
heat generated internally of the spacecraft from sources
such as fuel cells and electronic equipment will migrate
conductively through the spacecraft walls thereby further
contributing to the temperature differential between the
detecting element and its surrounding structure.

As a consequence of the heating differentials between
the detecting disc and its surrounding structure, assuming
the surrounding structure to be the warmer of the two,
undesirable heat conducted to the sensor housing member
in direct physical contact with the spacecraft structure is
radiated therefrom onto the detecing element where the
effect therefrom is sensed by the thermocouple.

Summary

An objective of the present invention is to substantially
isolate the detecting element of a heat flux sensor from
such undesirable thermal sources by providing a radiation
shield between the housing member and the detecting ele-
ment, and to minimize heat conductive physical contact
between adjacent heat flux sensor components.

Brief description of the drawings

These and other objects of the present invention may
be more readily seen and understood by reference to the
following detailed description of the drawing wherein:
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FIGURE 1'is a plan view of the assembled heat flux
sensor according to the present invention.
FIGURE 2 is a sectional elevation taken along cut lines
A—A of FIGURE 1.

Description of preferred embodiment

A heat flux sensor according to the present invention
includes four basic components comprising a housing cup
1, a radiation shield 2, a radiator fin 3, and a detecting
disc 4. Each of these components may be fabricated from
thin plate copper, aluminum, etc., having a high rate of
thermal conductivity.

The housing cup 1 may simply be a dish of concave
shaped thin metal having a mounting lug or bolt 5 ex-
tending from the interior surface of the cup through a
centrally drilled aperture 6. A thermocouple cable con-
duit 7 is provided axially through the mounting lug 5.

The radiation shield 2 and radiator fin 3 may be fab-
ricated from a single, integral sheet of thin metal stock
by upset forming a shallow disc 2 in the center of a cir-
cular plate leaving a wide annular flange portion 3 for
the radiator fin. The diameter of the radiator fin outer
periphery 8 should be slightly smaller than the diam-
eter across the housing cup inside rim 9.

Detecting disc 4 is a circular, flat metal plate having
a diameter slightly smaller than the diameter across the
inside rim 10 of the shallow dish forming the radiation
shield 2,

Secured in some conventional manner, by brazing, or
with Dow Corning Silastic 892, for example, to the under
side of the detecting disc 4 is a thermocouple junction 11
having electrically insulated conductor leads 12 and 13
emanating therefrom. Preferably, the thermocouple leads
12 and 13 are carried jointly in a ground conductive
sheath as a single cable 14. In order to dissipate undesir-
able heat conducted along the thermocouple cable 14
from outside the heat flux sensor boundary, the cable 14
is bonded to the back side of the radiator fin 3 along a
sufficient length thereof. To exit the cable 14 from the
interior space between the mounting cup 1 and the radia-
tion shield 2 to a remotely located E.M.F. measuring ap-
paratus, the cable is threaded through the thermocouple
cable conduit 7 in the mounting lug 5.

Since it is fundamental to thermally isolate the detect-
ing disc 4, radiation shield 2, and housing cup 1, respec-
tively, these components are relatively assembled with
three or more strands of thermally non-conductive mate-
rial. Such assembly strands 15, 16, and 17, respectively,
are provided with a knot 18 or some other enlargement
means to secure the strand on the bottom side of the
detecting disc 4 while the strand length passes through
an aperture 19 in said disc 4. Each of the strands are ex-
tended radially outward from the apertures 19 and are
threaded through apertures 20 and 21 in the radiator fin
3 in the manner illustrated.

It is of additional significance that the radiation sec-
tion comprising the radiation shield 2 and radiator fin 3
be fabricated of a material having dimensional and ther-
mal properties such as to tailor the MC,/4 and absorptiv-
ity/emissivity («/e) ratios of the radiator section so that
the temperature profile thereof will follow that of the de-
tecting disc 4, thereby reducing the radiative heat transfer
between the two parts to substantially zero. What is meant
by “temperature profile” is the shape of the curve resulting
from a plot of the element (disc or radiation shield) tem-
perature with respect to time when subjected to a standard
radiant heat source. It is therefore desired that both the
sensing disc 4 and the radiation shield 2 have the same
temperature at any given point of time after subjection
under identical conditions to a given radiant heat source
in order to substantially eliminate undesirable relative
heat transfer.

Such desired temperature profile results may, in part,
be achieved by selecting the materials and physical dimen-
sions of both the sensing disc 4 and the radiation section
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as an unit, so that the respective MCp/ A4 ratios are sub-
stantially the same. In determining the MC,/A ratio
equality, the area of the radiator section relevant to the
computation is only the upper annular surface of the radia-
tion fin 3, whereas the mass of the radiator section in-
cludes the entirety of both the fin 3 and the shield 2. In
computing the MC,/A ratios of the sensing disc 4, only
the upper surface area thereof is comsidered in the cal-
culation.

Also contributory to the desired temperature profile
result is the complementary treatment of certain assembly
element surface portions in order to induce an orderly and
desirable flow of undesired heat away from the sensing
disc 4. Since one source of such undesirable heat is, for
purposes relevant here, the structure to which the housing
cup 1 is mounted, the heat flow path is via conduction
through to said housing cup, radiation to the radiator sec-
tion, conduction through the radiator section, and finally
radiation to the sensing disc 4 where it will adversely af-
fect the response of the thermocouple circuit. By provid-
ing those areas of the sensor assembly elements facing
the sensing disc 4 with low emissive surface treatments,
heat radiation in the direction of the sensing disc 4 is
thereby retarded. The result of such retardation is to in-
duce the heat to follow a conductive path of least resist-
ance to areas of the assembly provided with highly emis-
sive surface treatments where the heat may be radiantly
dissipated away from the sensing disc. Appropriate ex-
amples of such low emissivity surface treatments are gold
plating, highly polished aluminum, or highly polished
copper. Such low emissivity surface treatments are pro-
vided over the inner surface of housing cup 1, the upper
surface portions of the radiation shield 2 proximate of the
sensing disc 4 and the interior of the cylindrical portion
interconnecting the shield 2 with the fin 3.

The surface treatment provided for the lower surfaces
of sensing disc 4 and radiator section 2 and 3 is one of low
absorptivity in order to resist or reflect as much of the
radiant heat emitted from the opposing surface as pos-
sible. Since the temperature differential between respec-
tive elements of the sensor assembly will be relatively
small in view of spectral shifts in radiant energy wave-
length distribution due to absolute body temperature, low
emissive surface treatments as described above will func-
tion equally well as low absorbers. Therefore, the lower
surfaces of the sensing disc 4 and the radiator section 2
and 3 should also be given, for example, a gold plate,
highly polished aluminum or copper surface to further
retard radiant heat transmission.

The cylindrical end annulus of the housing cup 1, the
outer cylindrical portion of the housing cup 1 and the
upper, annular surface of the radiating fin 3 are provided
with highly emissive surfaces. These are the surfaces of
the assembly from which the undesirable heat is dis-
sipated away from the sensing disc 4. It will be noted that
all of these surfaces have equal exposure to the primary
radiant energy source subject to evaluation. Consequently,
these surfaces will be subject to the same heat flux as
is the sensing disc and for such reason, potentially become
another source of undesirable radiant heat. In order to
neutralize the undesirable heating effects of such heat flux
on the said exposed housing cup and radiator section por-
tions, these surfaces are provided with an absorptivity/
emissivity («/e) ratio substantially the same or slightly
less than that of the upper sensing disc surface. In this
context, it is assumed that the absolute temperature dif-
ferential between the sensor assembly and the primary
radiant energy source is great so that an appreciable spec-
tral shift in radiant energy wavelength distribution be-
tween the two is present. This condition would occur if
the monitored primary source has the spectral distribu-
tion of the sun, for example. Under such circumstances,
the absorptivity factor of the a/e ratio may be given the
special characterization of “solar absorptivity,” «s; The
result of such selective a/e surface treatment is to give
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these surfaces a heat enmergy exchange per unit surface
area the same or slightly greater than that of the sensing
disc, thereby preventing a temperature differential from
arising between said radiator section and sensing disc due
to the subject heat flux.

Operatively, undesirable heat present in the assembly
mounting structure is radiated and conducted to the hous-
ing cup 1. Only a small percentage of such heat is
radiated from the inner surface of said cup to the radiator
section due to the low emissivity surface treatment there-
of, the majority of such heat being radiated from the
highly emissive outer cylindrical surface of the cup away
from the sensing disc. Of that heat absorbed by the
radiator section, the majority is conductively shunted
to the annular fin of the radiator 3 where it is emitted
from the highly emissive upper surface thereof away
from the sensing disc 4 due to the influence of the low
emissive surface treatments of the remaining surfaces of
the radiator section.

Consequently, of the total spurious heat transmitted
to the cup 1 and the radiation section, only an extremely
small percentage, if any, will be absorbed by the sensing
disc 4 to undesirably influence the junction 11 tempera-
ture of the thermocouple.

Cooperatively, then, a zero temperature differential,
and hence zero relative transfer, is maintained between
the sensing disc 4 and the radiation section, thereby leav-
ing the thermocouple circuit responsive only to radiant
heat energy received from the hemisphere environment
to which it is directed.

Obviously, many modifications and variations of the
present invention are possible in the light of the above
teachings. It is, therefore, to be understood that the
invention may be practiced other than as specifically de-
scribed.

What is claimed is:

1. Apparatus for sensing heat flux quantity from radi-
ant energy sources:

first means having high thermal conductivity for ab-

sorbing incident radiant flux;

temperature sensing means secured to said first means;

radiant heat shielding and radiating means; and

thermal conduction barrier means spatially securing
said first means in relative position to said radiant
heat shielding and radiating means whereby at least
a portion of said radiant heat shielding and radiat-
ing means is disposed on the side of said first means
opposite from energy sources emitting radiant heat;

the temperature profile of said shielding and radiating
means being substantially matched to that of said
first means whereby relative heat transfer therebe-
tween is substantially eliminated.

2. Apparatus as described by claim 1 wherein:

said radiant heat shielding and radiating means and

said first means comprise plate members having
selectively predetermined MC,/A ratios.

3. Apparatus as described by claim 1 wherein said
radiant heat shielding and radiating means and said first
means have surface portions having selectively predeter-
mined absorptivity/emissivity ratios.

4. Apparatus as described by claim 1 wherein

said radiant heat shielding and radiating means and

said first means are plate members, respective
MC,/A ratios of which are selectively predeter-
mined; and

respective surface portions of said radiant heat shield-

ing and radiating means and said first means are
provided with selectively predetermined absorptivity/
emissivity ratios.

5. Apparatus as described by claim 1 including:

concave shaped housing means having an open in-

terior;
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said radiant heat shielding and radiating means being
a thin plate member disposed within and across the
concavity opening of said housing means and se-
cured to said housing means by thermal conduction
barrier means whereby no physical contact between
said housing means and said plate member is al-
lowed, said thin plate member including a centrally
located dish portion having radially extending an-
nular fin means projecting outwardly from the rim
thereof, the opening of said dish portion facing said
first means;

said first means comprising thin plate means having
an edge periphery geometrically shaped similar to,
but slightly smaller than, said dish portion opening;

said first means plate being disposed across said dish
portion opening, whereby the outer surface of said
first means plate lies in substantially the same plane
as the outer surface of said annular fin.

6. Apparatus as described by claim 5 wherein:

the annular surfaces of said annular fin means most
remote from said housing means and of said first
means plate most remote from said radiant heat
shielding and radiating means have relatively high
emissivity values and selectively matched absorptivi-
ty/emissivity ratios;

said radiant heat shielding and radiating means and
said first means having selectively matched MCy/4
ratios; and,

the surfaces of said housing means most proximate of
said radiant heat shielding and radiating means and
of said dish portion most proximate of said first
means have relatively low emissivity values.

7. Apparatus as described by claim 6 wherein:

the surfaces of said radiant heat shielding and radiat-
ing means most proximate of said housing means
and of said first means plate most proximate of said
shielding and radiating means have relatively low
absorptivity values.

8. Apparatus as described by claim 5 wherein:

said temperature sensing means is a thermocouple hav-
ing junction means and dissimilar metal electrical
conducting lead means emanating from said junction
means, said junction means being conductively se-
cured to the side of said first means most proximate
of said radiant heat shielding and radiating means.

9. Apparatus as described by claim 8 wherein:

said dissimilar metal lead means includes an electrically
insulated portion, said insulated portion being se-
cured in a thermally conductive manner to said
radiant heat shielding and radiating means.
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